Connective tissue disorders such
Introduction
Multiple congenital connective tissue disorders present unique challenges for orthopaedic surgeons regarding the premature development of musculoskeletal abnormalities and deficiencies. One of the most common autosomal dominant connective tissue dysplasias is Stickler syndrome, affecting around 1 in 10,000 births. [1] [2] [3] Stickler syndrome was first described as a disorder of retinal degeneration, hearing loss, orofacial abnormalities, and premature osteoarthritis by Stickler et al. in 1965. 4 e hereditary arthroophthalmopathy disorder is known to be caused by mutations in procollagen genes of type II and XI, specifically mutations in the COL2A1 (Stickler syndrome type I), COL11A1 (Stickler syndrome type II), and COL11A2 (Stickler syndrome type III) genes. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] More recently a new autosomal recessive form has been described involving a mutation in the COL9A1 gene. 17 Additional genetic heterogeneity is likely, since linkage to type II and XI has been excluded in some families with Stickler syndrome. 13 
Diagnosing
Stickler syndrome is highly dependent on phenotypic observations as opposed to solely relying on genetic screening. 18 Regardless of the locus of mutation there are multiple deformities that are common with the condition, including craniofacial abnormalities such as cleft palate, flattened cheek bones (malar hypoplasia), deep set eyes (enophthalmos), and an undershot lower jaw (retrognathia). [19] [20] [21] e combination of cleft palate, glossoptosis, and micrognathia, referred to as Pierre-Robin sequence, can be present and result in respiratory obstruction.
is is of significance if anaesthetic management is required for surgery. 17;22 In addition, there is a high incidence of ocular and auditory degeneration with age. 19;23-31 Despite the widely accepted age-related progression of ocular and auditory impairment in Stickler syndrome, one report depicted the postnatal remission of these symptoms. 32 ere have been no known reports indicating the improvement of orthopaedic conditions. Skeletal alterations resemble mild spondyloepiphyseal dysplasia, affecting the development of the spine and ends of bones from birth, and are present in almost all patients, [33] [34] [35] [36] with a high incidence of vertebral abnormalities including scoliosis 37 and osteoporosis. 38 Radiologically, metaphyseal broadening of long bones is apparent, causing joint restriction and premature development of osteoarthritis. Joint instability manifested through joint laxity and hypermobility contributes to premature development of joint disease, and osteoarthritis is frequently diagnosed in the second decade. 4;30;33;39 Abnormalities of the hip are extremely common in patients with Stickler (Fig.1) . It was decided that left total hip arthroplasty was required to correct the dysplasia, however with epiphyseal plates open, surgery was delayed and follow-up scheduled on an annual basis.
At a height of 186 cm, he was between the 90th and 97th percentiles for his age, while his weight of 57.3 kg placed him between the 10th and 25th percentiles for his age. Despite being extremely tall and extremely thin, physical examination revealed symmetrical pulses of good volume. e only notable finding was a soft systolic murmur at the lower left sternal border. Echocardiogram demonstrated normal sized aortic root and arch, with good biventricular function and normal cardiac chamber sizes. Skeletal malformations exhibited by the patient included mild pectus carinatum, long limbs including arachnodactylia, mild scoliosis of the thoracic spine, pes planus, joint hypermobility, mildly high arched palate, malar hypoplasia, enophthalmos, and retrognathia. As a child, cleft palate was corrected surgically. Additionally, severe myopia has been diagnosed, but no indication of lens dislocation (ectopia lentis) was observed. No cardiovascular abnormalities were noted, but he suffered from recurrent pneumothoraces and had undergone a right bullectomy. Skin stretch marks (striae atrophica) were identified and the patient had had an umbilical hernia in the past.
Physical attributes were consistent with the connective tissue disorders of Stickler or Marfans syndrome. Genetic testing for Marfans syndrome was negative.
e patient had an initial screen for Stickler syndrome, but was not found to have the main mutations at known loci in collagen genes. Follow-up genetic screens will need to be conducted for additional loci to ascertain the exact manifestation of his connective tissue disorder. Considering the relatively newly discovered additional locus for Stickler, 17 the expected additional heterogeneity to other loci, 13 and that the patient suffers from the symptoms inherent with Stickler syndrome used for diagnosing the abnormality, 18 he is currently being treated as such. Over the following years, follow-up x-rays confirmed multiple epiphyseal dysplasia. Internal rotation of the left hip remained zero, while external rotation showed a decrease to less than 30 degrees. Over two years after his initial visit, x-rays confirmed that his growth plates had fused (Fig.2) . A shallow acetabulum was evident on the left side in conjunction with osteoarthritis and avascular necrosis. e patient now walked with a significant limp, suffering from a 4 cm leg length discrepancy. Pain and discomfort were great and intervention was determined to be necessary to restore the ability to ambulate comfortably. After confirming epiphyseal fusion, surgery was scheduled for a total hip replacement.
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Materials and Methods
Operative Technique e degenerative changes observed radiologically were confirmed surgically; osteoarthritis was present on the femoral head (Fig.3) .
e acetabulum was very shallow and was remodeled through reaming. Chips and morselized bone from reaming were removed from the reamer heads and saved for later use. A 54 mm Zimmer™ Modular Acetabular System was selected for implantation.
e modular system consists of a metal shell, crosslinked polyethylene liner, and bone screws.
ree bone screws were used to secure the metal shell while the polyethylene liner was snapped into place within the metal shell. Modular liners are uncemented and thus are far easier to remove if revision is expected. Seventy percent of the cup was covered by the bored acetabulum, so a graft of morselized bone was used to offset this discrepancy. A morselized bone autograft was used instead of a solid allograft for the shelf graft. Although it cannot be expected to initially provide ingrowth or stability, the morselized graft can undergo revascularization and remodeling over time. During incision closing, soft tissue is used to cover the morselized autograft to keep it in place during bone remodeling and vascularization.
Due to the avascular necrosis, combined with pelvic tilt and scoliosis, a large leg length discrepancy of 4 cm was noted, with the left side being longer. To correct this, a shortened neck was used in the femoral component, while also including a larger femoral head to help prevent dislocation. As Stickler syndrome had resulted in long, thin bones, consideration was also taken in selecting the size of the femoral stem. Again in an effort to make subsequent revisions easier, a relatively small stem size of 7.5 mm was implemented. e femoral component is similarly uncemented to allow for the preservation of bone stock when removing the device in the future. e implanted components can be seen intraoperatively in Figure 4 . 
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Results
Immediate post-operative x-rays showed good placement of the prosthesis (Fig.5) . Post-procedure, the patient's left leg had good dorsal pedis and posterior tibialis pulses and was neurovascularly intact. Management of the hip replacement included a diligent rehabilitation program. During the first week post-op, the patient was encouraged to begin range-of-motion ankle exercises and moving with a walker for 5 to 10 feet from the first day after surgery.
roughout the first week, aided walking was extended to 25 to 45 feet, and stair-climbing with crutches was introduced after day five. Strengthening and progressive ambulation remained the primary goal; this individual progressed to full weight bearing 8 weeks after surgery. Hip exercises were implemented to regain range of motion that was absent before surgery, but for the first 3 months the patient was advised not to bend his knee past 90 degrees to avoid dislocation and damage to the hip and device. Six weeks after the operation the patient was evaluated and found to have no pain and good range of motion. X-rays were taken after 2 months to confirm placement and fixation of the aetabular and femoral components and evaluate the success of the shelf autograft (Fig.6 ).
e components appeared to be in place and fixated well.
Discussion
To our knowledge, there are no studies (case or series) that describe the unique challenges that are present in total hip arthroplasty of young patients with Stickler syndrome. Complications become of even greater concern when the patient is not an adult. ere is not a great deal of information regarding the interactions between the acetabulum and femoral head during development and maturation, but it has been previously described that premature closure of the growth plate following trauma leads to subluxation of the femoral head. 40 Despite these concerns, successful surgeries on many young adults for chronic arthritis [41] [42] [43] or tumour resection [44] [45] [46] [47] [48] have been reported. When malignant disease is not of concern, in children and young adults it is very favorable to wait until the patient's growth plates have fused before continuing with planned hip arthroplasties. In cases like this, where the concern is a connective tissue disorder, waiting until growth plates have fused eliminates additional complications, although the patient may have to endure discomfort and pain during this time.
Rose et al. for evaluation. Osteoarthritis was present in 19 hips in 13 patients, all reporting hip pain, while smaller degenerative changes were found in 18 hips in an additional 13 patients, of which ten reported hip pain. Minor degenerative changes were present in children as young as thirteen, while osteoarthritis was described in patients as young as fifteen.
irty-three percent of adults were found to have osteoarthritis of the hip. Of patients over five years of age, chronic hip pain was described by 63%, including five of the 17 minors. In adults, 79% reported musculoskeletal pain, 20% medically disabled from the pain. Protrusio acetabuli was present in 10% of the patients, detected as early as thirteen years of age. In addition, 28% of patients were found to have varus or valgus deformities of the femoral neck. Of the 38 adult patients, six had a history of femoral neck failure due to slipped capital femoral epiphysis, Legg-Perthes disease, or acute chondrolysis. ey reported three of these patients had undergone total hip arthroplasty at the ages of 15, 26, and 29, with an additional two who were planning for surgery, at the time aged 18 and 37. No surgical details, challenges, or outcomes were mentioned.
We present total hip arthroplasty as a viable treatment to alleviate pain and discomfort in the multifaceted abnormal hip joint inherent with connective tissue disorders such as Sticklers. In any young patient undergoing total hip replacement, the ultimate goal is to maximize the success of planned revisions. By selecting a femoral component with a narrow stem, bone stock can be preserved. Also, by not cementing the components and using a modular acetabular component, bone stock can further be preserved when removing the device. After surgical intervention, this young adult had the ability to ambulate without pain and can return to a relatively normal lifestyle.
